Attorney Docket No. 044499-0207 



TITLE OF THE INVENTION 
MAXIMUM POWER FOLLOW-UP CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a maximum power 
follow-up control apparatus, wherein in a dispersive power 
generation system including a power generator for generating 
DC power, such as a hydraulic power generator or a wind power 
generator, and a power conditioning device (hereinafter 
simply referred to as "power conditioner") for converting 
the DC power from the power generator into AC power and for 
supplying the converted AC power to a system or the like, 
optimal power generation efficiency corresponding to output 
characteristics of the power generator can be obtained in 
the interior of the power conditioner. 

2 . Description of the Prior Art 

Generally, various systems such as a hydraulic power 
generation system, a wind power generation system, a solar 
power generation system or a fuel engine power generation 
system are suggested as a dispersive power generation system. 

Such a dispersive power generation system is arranged 
in that DC power generated in a power generator is converted 
into AC power in a power converter within a power conditioner 
and in that the AC power is supplied to loads of consumer 
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electronics or to systems of commercial power sources. 

For improving the power generation efficiency of such 
a dispersive power generation system, many kinds of maximum 
power follow-up control apparatuses have been proposed that 
are based on a relationship between output power of a power 
generator and a DC operating voltage of a power converter 
within the power conditioner, that is, an output voltage of 
the power generator, wherein the DC operating voltage is 
adjusted to rapidly make a power point of output power of 
the power generator follow up with a maximum power point. 

Fig. 15 is an explanatory view illustrating 
characteristics (V-P characteristics) of DC power and DC 
voltage in a general solar power generator. 

While characteri sties will be mount a in- shaped ina solar 
power generator as illustrated in Fig. 15, by controlling 
the DC operating voltage of the power converter such that 
the power point will reach the peak of the mountain shape, 
that is, the maximum power point, it is possible to maximize 
the power generation efficiency of the solar power generator. 

However, the V-P characteristics will fluctuate 
depending on changes in illumination of sunlight in a solar 
power generator, and the maximum power point will also change 
in accordance with the changes in illumination. 

It is therefore known for conventional maximum power 
follow-up control apparatuses employing a hill-climbing 
method (see, for instance, Japanese Patent Laid-Open 
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Publication No. 2000-181555) . Fig. 16 is an explanatory view 
illustrating an operation algorithm of a general 
hill-climbing method in a simple form. 

According to the conventional maximum power follow-up 
control apparatus of Japanese Patent Laid-Open Publication 
No. 2000-181555, a DC operating voltage of a power converter 

is adjusted per each specified voltage A V and output powers 
of solar batteries prior to and after adjustment are mutually 
compared, wherein when the output power has increased, the 

DC operating voltage is changed by a specified voltage A V 
in the same direction as the previous time while it is changed 

by a specified voltage A V in an opposite direction as the 
previous time for making a power point of the output power 
reach a maximum power point Pmax in accordance with the changes 
in DC operating voltages, and wherein the DC operating voltage 
at the time of reaching is obtained as an optimal value. 

According to this maximum power follow-up control 
apparatus, the power point will reach a maximum power point 
by setting the thus obtained DC operating voltage for the 
power converter so that the power generation efficiency of 
the solar batteries can be maximized. 

In this respect, such V-P characteristics also differ 
depending on the types of the power generator. Fig. 17 is 
an explanatory view illustrating V-P characteristics of a 
power generator of dynamic type, and Fig. 18 illustrating 
V-P characteristics of a hydraulic power generator from among 
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dynamic type power generators. 

In this manner, the V-P characteristics of the power 
generators also differ depending on the types of power 
generators as can be understood by comparing the V-P 
characteristics of the solar power generator of Fig. 15 and 
V-P characteristics of the power generators as illustrated 
in Figs. 17 and 18. 

Generally, in case of a solar power generator, the V-P 
characteristics are fluctuated depending on changes in 
illumination of the sunlight as illustrated in Fig. 19A, while 
in case of a dynamic type power generator, V-P characteristics 
are fluctuated depending on changes in dynamics (that is, 
changes in water volume in case of a hydraulic power generator, 
changes in wind power in case of a wind power generator, or 
changes in gas volume in case of a gas engine power generator) 
as illustrated in Fig. 19B. 

When comparing the V-P characteristics of a solar power 
generator and V-P characteristics of a dynamic type power 
generator, it can be understood that voltage changes of maximum 
power points depending on changes in illumination are 
relatively small in case of a solar power generator as 
illustrated in Fig. 19A, while the voltage changes of maximum 
power points depending on changes in dynamics are relatively 
large in case of a dynamic type power generator as illustrated 
in Fig. 19B. 

Considering a conventional maximum power follow-up 
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control apparatus, in case of a solar power generator, a period 
of time for making the power point reach the maximum power 
point by using the hill-climbing method will not too long 
to badly affect the power generation efficiency although it 
will take some time since the voltage changes of maximum power 
points depending on changes in illumination are relatively 
small as illustrated in Fig. 19A, whereas in case of, for 
instance, a dynamic type power generator, it will take a long 
period of time until the power point is made to reach the 
maximum power point through a conventional hill-climbing 
method only in which the follow-up speed is slow since the 
voltage changes of maximum power points depending on changes 
in dynamics are relatively large as illustrated in Fig. 19B 
so that it is feared that the power generation efficiency 
during this period is badly affected. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of these 
points, and it is an ob j ect toprovide a maximum power follow-up 
control apparatus that is capable of making a power point 
of a power generator such as a dynamic type power generator 
in which voltage changes of maximum power points depending 
on changes in dynamics are large rapidly follow up with a 
maximum power point so that its power generation efficiency 
can be made favorable. 

For achieving this object, the maximum power follow-up 
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control apparatus according to the present invention is a 
maximum power follow-up control apparatus for setting an 
operating voltage of a power converter that which converts 
an output voltage of a power generator into AC power so as 
to make a power point of an output power of the power generator, 
which corresponds to an output level of the power generator, 
follow up with a maximum power point, and comprises: an 
approximate function storing part that stores an approximate 
function related to a maximum power point corresponding to 
the output level of the power generator of characteristics 
of the output power and the operating voltage, and a control 
part that calculates an operating voltage value corresponding 
to the present output power on the basis of the approximate 
function as stored in the approximate function storing part 
and that sets this operating voltage value as an operating 
voltage value of the power converter in order to make the 
power point related to the output power in correspondence 
with the output level of the power generator follow up with 
the maximum power point. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that an 
approximate function related to a maximum power point 
corresponding to the output level of the power generator of 
characteristics of the output power and the operating voltage 
is stored, an operating voltage value corresponding to the 
present output power on the basis of the approximate function 
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is calculated and this operating voltage value is set as an 
operating voltage value of the power converter in order to 
make the power point related to the output voltage in 
correspondence with the output level of the power generator 
follow upwiththe maximum power point- With this arrangement 
ofusingan approximate function, the follow-up time for making 
the power point reach proximate of the maximum power point 
can be remarkably shortened so that follow-up to the maximum 
power point can be rapidly performed also when the power 
generator is a dynamic type power generator or the like in 
which changes in maximum power points with respect to changes 
in dynamics are large, and it is accordingly possible to improve 
the power generation efficiency. 

According to the maximum power follow-up control 
apparatus of the present invention, the control part includes 
a voltage value calculating part that calculates an operating 
voltage value corresponding to the present output power of 
the power generator on the basis of the approximate function, 
a voltage value setting part that sets the operating voltage 
value as calculated by the voltage value calculating part 
as an operating voltage value of the power converter, and 
a judging part that calculates an operating voltage value 
corresponding to the present output power in the voltage value 
calculating part upon setting the operating voltage value 
in the voltage value setting part and that judges whether 
an absolute value of a difference between the calculated 
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operating voltage value and the present operating voltage 
value is within a specified threshold or not, wherein when 
it is judged by the judging part that the absolute value of 
the difference between the operating voltage values is within 
the specified threshold, it is recognized that the power point 
related to the output power that corresponds to the output 
level of the power generator has reached proximate of the 
maximum power point . 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that when 
an operating voltage value is set in the voltage value setting 
part, an operating voltage value corresponding to the present 
output power of the power generator is calculated on the basis 
of the approximate function, and it is judged whether an 
absolute value of a difference between the calculated 
operating voltage value and the present operating voltage 
value is within a specified threshold or not, wherein when 
it is judged that the absolute value of the difference between 
the operating voltage values is within the specified threshold, 
it is recognized that the power point related to the output 
power that corresponds to the output level of the power 
generator has reached proximate of the maximum power point. 
With this arrangement of using an approximate function, the 
follow-up time for making the power point reach proximate 
of the maximum power point can be remarkably shortened so 
that follow-up to the maximum power point can be rapidly 
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performed also when the power generator is a dynamic type 
power generator or the like in which changes in maximum power 
points with respect to changes in dynamics are large, and 
it is accordingly possible to improve the power generation 
efficiency . 

According to the maximum power follow-up control 
apparatus of the present invention, the control part is 
arranged in that the operating voltage value of the power 
converter is set to make the power point related to the output 
power of the power generator reach the maximum power point 
by utilizing a hill-climbing method for maximum power 
follow-up control when it has been recognized that the power 
point related to the output power that corresponds to the 
output level of the power generator has reached proximate 
of the maximum power point. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that the 
operating voltage value of the power converter is set to make 
the power point related to the output power of the power 
generator reach the maximum power point by utilizing a 
hi 11 -climbing method for maximum power follow-up control when 
it has been recognized that the power point related to the 
output power that corresponds to the output level of the power 
generator has reached proximate of the maximum power point. 
With this arrangement, it is possible to improve the follow-up 
accuracy to the maximum power point by using the hill-climbing 
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method for the follow-up operations from proximate of the 
maximum power point to the maximum power point. 

According to the maximum power follow-up control 
apparatus of the present invention, the control part is 
arranged in that, when it is judged by the judging part that 
the absolute value of the difference between the operating 
voltage values is not within the specified threshold, the 
operating voltage value is calculated in the voltage value 
calculating part, the calculated operating voltage value is 
set in the voltage value setting part, and operations of the 
voltage value calculating part, the voltage value setting 
part and the judging part are continued until the absolute 
value of the difference between the operating voltage values 
falls within the specified threshold in the judging part. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that, when 
it is judged by the judging part that the absolute value of 
the difference between the operating voltage values is not 
within the specified threshold, operations of the voltage 
value calculating part, the voltage value setting part and 
the judging part are continued until the absolute value of 
the difference between the operating voltage values falls 
within the specified threshold. With this arrangement, it 
is possible to rapidly follow up to proximate of the maximum 
power point . 

According to the maximum power follow-up control 
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apparatus of the present invention, it comprises a first 
approximate function creating part that detects a maximum 
power point for each output level of the power generator and 
that creates the approximate function on the basis of at least 
two maximum power points. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that a maximum 
power point is detected for each output level of the power 
generator and in that the approximate function is created 
on the basis of at least two maximum power points. With this 
arrangement, it is possible to easily create an approximate 
function and to further create an approximate function of 
high accuracy by increasing the number of samples of maximum 
power points . 

According to the maximum power follow-up control 
apparatus of the present invention, the first approximate 
function creating part detects the maximum power point of 
each output level of the power generator by utilizing a 
hill-climbing method for maximum power follow-up control. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that the 
maximum power point for creating an approximate function is 
detected through the hill-climbing method, it is possible 
to create an approximate function of high accuracy. 

According to the maximum power follow-up control 
apparatus of the present invention, it comprises an 
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abnormality noticing part that notices an abnormality of the 
power generator when it is judged that the approximate function 
created in the first approximate function creating part is 
abnormal . 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that 
abnormality of the power generator is noticed when it is judged 
that the approximate function created in the first approximate 
function creating part is abnormal, for instance, when the 
slope of the approximate function is reversed. With this 
arrangement , itispossibletonoticetheuserofan abnormality 
of the power generator or of the approximate function. 

According to the maximum power follow-up control 
apparatus of the present invention, it comprises a second 
approximate function creating part that separates, by 
dividing the output power into a plurality of level regions 
and by sequentially detecting power points, the detected 
plurality of power points into respective level regions, that 
calculates average values of the plurality of power points 
separated into respective level regions for setting the 
average values of each of the level regions as maximum power 
points, and that creates the approximate function on the basis 
of the maximum power points for each of the level regions. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that the 
output power is divided into a plurality of level regions 
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and average values of the plurality of power points separated 
into respective level regions are set as maximum power points, 
and in that the approximate function is created on the basis 
of the maximum power points for each of the level regions. 
With this arrangement, a plurality of power points, that is, 
a large number of samples can be obtained, and by averaging 
the number of samples, it is possible to create an approximate 
function of high accuracy corresponding to changes in external 
environments . 

The maximum power follow-up control apparatus according 
to the present invention is arranged in that the second 
approximate function creating part detects the power points 
by utilizing a hill-climbing method for maximum power 
follow-up control . 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that the 
maximum power points for creating an approximate function 
are detected by utilizing the hill-climbing method so that 
it is possible to create an approximate function of high 
accuracy . 

According to the maximum power follow-up control 
apparatus of the present invention, it comprises an 
abnormality noticing part that notices an abnormality of the 
power generator when it is judged that the approximate function 
created in the second approximate function creating part is 
abnormal . 
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Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that 
abnormality of the power generator is noticed when it is j udged 
that the that the approximate function as created in the second 
approximate function creating part is abnormal, for instance, 
when the slope of the approximate function is abnormal. With 
this arrangement, it is possible to notice the user of an 
abnormality of the power generator or of the approximate 
function . 

According to the maximum power follow-up control 
apparatus of the present invention, the approximate function 
storing part is arranged to preliminarily store approximate 
functions corresponding to types of the power generator. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that 
approximate functions corresponding to types of the power 
generator are preliminarily stored so that it is possible 
to correspond to various power generators. 

According to the maximum power follow-up control 
apparatus of the present invention, it comprises a first 
approximate function correcting part that detects a maximum 
power point for each output level of the power generator by 
using a hill-climbing method for maximum power follow-up 
control and that corrects the approximate functions as stored 
to correspond to each type of the power generator on the basis 
of the detected maximum power point. 
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Accordingly, the maximum power follow-up control 
apparatus of the present invention isarrangedinthata maximum 
power point is detected by using the hill-climbing method 
and in that the approximate functions as stored to correspond 
to each type of the power generator are corrected on the basis 
of the detected maximum power point. With this arrangement, 
it is possible to create an approximate function of high 
accuracy corresponding to various changes in dynamics of the 
power generator and changes in illumination. 

According to the maximum power follow-up control 
apparatus of the present invention, it comprises a second 
approximate function correcting part that detects a maximum 
power point for each output level of the power generator by 
using a hill-climbing method for maximum power follow-up 
control when it has been recognized that the power point related 
to the output power that corresponds to the output level of 
the power generator has reached proximate of the maximum power 
point, and that corrects the approximate functions as being 
stored in the approximate function storing part on the basis 
of the detected maximum power points. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that the 
maximum power point is detected by using the hill-climbing 
method and in that the approximate functions as being stored 
in the approximate function storing part are corrected on 
the basis of the detected maximum power point when it has 
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been recognized that the power point has reached proximate 
of the maximum power point. With this arrangement, it is 
possible to continuously secure an approximate function of 
high accuracy corresponding to various changes in dynamics 
of the power generator, and changes in illumination. 

According to the maximum power follow-up control 
apparatus of the present invention, it comprises a third 
approximate function correcting part that executes follow-up 
operations to the maximum power point by using a hi 11- climbing 
method for maximum power follow-up control when it has been 
recognized that the power point related to the output power 
that corresponds to the output level of the power generator 
has reached proximate of the maximum power point, and that 
corrects only an intercept of the approximate function without 
changing its slope on the basis of the power point as detected 
by the follow-up operation. 

Accordingly, the maximum power follow-up control 
apparatus of the present invention is arranged in that 
follow-up operations to the maximum power point are executed 
by using the hill-climbing method when it has been recognized 
that the power point has reached proximate of the maximum 
power point, and only an intercept of the approximate function 
is corrected without changing its slope on the basis of the 
power point as detected by the follow-up operation . Withthis 
arrangement, it is possible to finely adjust errors in the 
approximate function . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a block view illustrating a schematic 
arrangement of an interior of a dispersive power generation 
system representing a first embodiment related to the maximum 
power follow-up control apparatus of the present invention. 

Fig. 2 shows a block view illustrating a schematic 
arrangement of an interior of a control portion, which 
comprises a main portion of a maximum power follow-up control 
portion of a power conditioner related to the first embodiment . 

Fig. 3 shows a flowchart illustrating process operations 
of the maximum power follow-up control portion related to 
a first maximum power follow-up control process according 
to the first embodiment. 

Fig. 4 shows an explanatory view of operations for simply 
showing an operation algorithm of the first maximum power 
follow-up control process. 

Fig. 5 shows a flowchart illustrating process operations 
of an approximate function creating portion related to a first 
approximate function creating process according to the first 
embodiment . 

Fig . 6 shows an explanatory view of operations f or s imply 
showing an operation algorithm of the first approximate 
function creating process. 

Fig. 7 shows a flowchart illustrating process operations 
of the approximate function creating portion related to a 
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second approximate function creating process. 

Fig. 8 shows an explanatory view of operations for simply 
showing an operation algorithm of the second approximate 
function creating process. 

Fig. 9 shows a flowchart illus trating process operations 
of the approximate function creating portion related to an 
average power point calculating process of the second 
approximate function creating process. 

Fig. 10 shows a flowchart illustrating process 
operations of the approximate function creating portion 
related to a third approximate function creating process. 

Fig. 11 shows an explanatory view of operations for 
simply showing an operation algorithmof the third approximate 
function creating process . 

Fig. 12 shows a block view illustrating a schematic 
arrangement of an interior of a control portion, which 
comprises a main portion of a power conditioner of a dispersive 
power generation system illustrating a second embodiment. 

Fig. 13 shows a flowchart illustrating process 
operations of the maximum power follow-up control portion 
related to a second maximum power follow-up control process 
according to the second embodiment. 

Fig. 14 shows an explanatory view of operations for 
simply showing an operation algorithm of the second maximum 
power follow-up control process. 

Fig. 15 shows an explanatory view illustrating 
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characteristics of DC power and DC voltage (V-P 
characteristics) in a general solar power generator. 

Fig. 16 shows an explanatory view of operations for 
simply showing an operation algorithm of a general 
hi 11 -climbing method . 

Fig. 17 shows an explanatory view illustrating 
characteristics of DC power and DC voltage (V-P 
characteristics) in a general dynamic type power generator. 

Fig. 18 shows an explanatory view illustrating 
characteristics of DC power and DC voltage (V-P 
characteristics) in a general hydraulic type power generator. 

Fig. 19A shows an explanatory view for comparing 
characteristics of DC power and DC voltage (V-P 
characteristics) of solar power generator, and Fig. 19B shows 
an explanatory view for comparing characteristics of DC power 
and DC voltage (V-P characteristics) of dynamic type power 
generator . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A dispersive power generation system illustrating 
embodiments related to the maximum power follow-up control 
apparatus according to the present invention will now be 
explained on the basis of the drawings. 

(First Embodiment ) 

Fig. 1 is a block view illustrating a schematic 
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arrangement of an interior of the dispersive power generation 
system representing the first embodiment. 

The dispersive power generation system 1 as illustrated 
in Fig. 1 includes a power generator 2 for generating DC power, 
a power conditioner 10 provided with power converting 
functions of converting DC power generated in the power 
generator 2 into AC power, a load 3 of, for instance, a consumer 
electronics that is driven by the DC power converted in the 
power conditioner 10, and a system 4 such as a commercial 
power source for supplying excessive DC power to the load 
3. In this respect, while the load 3 is supplied with power 
from the power conditioner 10, where the output power of the 
power conditioner 10 is less than the driving power of the 
load 3, the load 3 is supplied with power from the system 
4 in addition to the power supply from the power conditioner 
10 . 

The power conditioner 10 as illustrated in Fig. 1 
includes a power converter 1 1 for converting DC power generated 
in the power generator 2 into AC power, and a maximum power 
follow-up control portion 12 for making a power point of the 
output power of the power generator 2 rapidly follow up with 
a maximum power point by controlling the DC operating voltage 
of the power converter 11. 

The maximum power follow-up control portion 12 includes 
a voltage measuring portion 21 for measuring the DC voltage 
from the power generator 2, a current measuring portion 22 
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for measuring a direct current from the power generator 2, 
a power calculating portion 23 for calculating a DC power 
on the basis of the DC voltage measured in the voltage measuring 
portion 21 and the direct current measured in the current 
measuring portion 22, an approximate function creating 
portion 24 for creating an approximate function related to 
a maximum power point corresponding to an output level of 
the V-P characteristics, an approximate function memory 25 
for storing the approximate function as created in the 
approximate function creating portion 24, an abnormality 
noticing portion 26 for noticing abnormality when it is judged 
that the approximate function created in the approximate 
function creating portion 24 is abnormal , and a control portion 
27 for controlling the overall maximumpower follow-up control 
portion 12 . 

In this respect, the approximate function memory 25 may 
be arranged to be preliminarily stored, in addition to 
approximate functions that are created in the approximate 
function creating portion 24, with approximate functions for 
various types of the power generator 2. 

The abnormality noticing portion 26 determines, when 
an abnormality has occurred in an approximate function that 
has been created in the approximate function creating portion 
24, for instance, when the slope of the approximate function 
is reversed, that this approximate function is abnormal and 
notices occurrence of this abnormality to an user. 
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Fig. 2 is a block view illustrating a schematic structure 
of an interior of the control portion that comprises a main 
portion of a maximum power follow-up control portion 12. 

The control portion 27 includes a voltage value 
calculating portion 31 that calculates a DC voltage value 
by substituting a present DC power value to an approximate 
function stored in the approximate function memory 25, a 
voltage value setting portion 32 that sets the DC voltage 
value as calculated in the voltage value calculating portion 
31 as an operating voltage of the power converter 11, a 
threshold judging portion 33 that calculates a DC voltage 
value corresponding to the present DC power in the voltage 
value calculating portion 31 upon setting a DC voltage value 
in the voltage value setting portion 32 and that judges whether 
an absolute value of a difference between the calculated DC 
voltage value and the present DC voltage value is within a 
DC voltage threshold, a follow-up control portion 34 that 
governs maximum power follow-up functions by using an 
approximate function for making a power point of the DC power 
corresponding to the output level of the power generator 2 
to proximate of a maximum power point, and a hill-climbing 
method follow-up control portion 35 that governs maximum power 
follow-up functions by using a hill-climbing method. 

The threshold judging portion 33 is for judging whether 
the present power point has reached proximate of a maximum 
power point, and when it is judged that an absolute value 
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of a difference between a DC voltage value Vthe as calculated 
in the voltage value calculating portion 31 and the present 
DC voltage value Vmes as measured in the voltage measuring 
portion 21 is within a DC voltage threshold Vthr, it is 
recognized that the present power point has reached proximate 
of the maximum power point whereas when it is judged that 
the absolute value of the difference between the DC voltage 
value Vthe and the present DC voltage value Vmes is not within 
the DC voltage threshold Vthr, it is recognizedthat thepresent 
power point has not reached proximate of the maximum power 
point . 

The follow-up control portion 34 switches to maximum 
power follow-up operations using the hill-climbing method 
when it is recognized in the threshold judging portion 33 
that the present power point has reached proximate of the 
maximum power point, whereas the maximum power follow-up 
operations based on an approximate function are continued 
when it is recognized in the threshold judging portion 33 
that the present power point has not reached proximate of 
the maximum power point . 

In other words, the follow-up control portion 34 
continues maximum power follow-up operations based on an 
approximate function until the present power point has reached 
proximate of the maximum power point. 

When the present power point has reached proximate of 
the maximum power point in the follow-up control portion 34, 
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the hill-climbing method follow-up control portion 35 starts 
maximum power follow-up operations by using the hill-climbing 
method for continuing maximum power follow-up operations so 
as to make the present power point follow up from proximate 
of the maximum power point to the maximum power point by using 
the hill-climbing method. 

In this respect, when the power point has again separated 
from proximate of the maximum power point after executing 
maximum power follow-up operations by using the hill-climbing 
method due to, for instance, changes in external environments 
of the power generator 2, maximum power follow-up operations 
by using approximate functions are repeatedly executed by 
the follow-up control portion 34 until the proximity of the 
maximum power point is reached. 

Further, the hill-climbing method follow-up control 
portion 35 executes maximum power follow-up operations of 
hi 11 -climbing method also for detecting a plurality of maximum 
power points when an approximate function is created in the 
approximate function creating portion 34 . 

In this respect, the maximum power follow-up control 
apparatus as recited in the claims corresponds to the maximum 
power follow-up control portion 12 within the power 
conditioner 10, the approximate function storing part to the 
approximate function memory 25, the control part to the control 
portion 27 (follow-up control portion 34, hill-climbing 
method follow-up control portion 35), the voltage value 
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calculating part to the voltage value calculating portion 
31 , the voltage value setting part to the voltage value setting 
portion 32, the judging part to the threshold judging portion 
33, the first approximate function creating part and the second 
approximate function creating part to the approximate 
function creating portion 24, and the abnormality noticing 
part to the abnormality noticing portion 26. 

Operations of the dispersive power generation system 
1 illustrating a first embodiment will now be explained . Fig . 
3 is a flowchart illustrating process operations of the maximum 
power follow-up control portion 12 related to a first maximum 
power follow-up control process of the power conditioner 10 
of the dispersive power generator system 1 representing the 
first embodiment. 

The first maximum power follow-up control process as 
illustrated in Fig. 3 is a process that makes the present 
power point rapidly follow up to proximate of the maximum 
power point by utilizing an approximate function of the maximum 
power point of the V-P characteristics corresponding to the 
output level of the power generator 2 whereupon it is made 
to follow up with the maximum power point by using the 
hill-climbing method . 

The follow-up control portion 34 within the control 
portion 27 of the maximum power follow-up control portion 
12 as illustrated in Fig. 2 starts follow-up operations to 
the maximum power point by using an approximate function. 
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The voltage value calculating portion 31 calculates the 
DC voltage value Vthe by calculating the present DC power 
value Pmes through the power calculating portion 23, by reading 
out an approximate function from the approximate function 
memory 25, and by substituting the DC power value Pmes into 
the approximate function (Step Sll). 

The voltage value setting portion 32 sets the calculated 
DC voltage value Vthe as calculated in the voltage value 
calculating portion 31 as an operating voltage of the power 
converter 11 (Step S12). 

Moreover, the voltage measuring portion 21 detects the 
present DC voltage value Vmes upon setting the DC voltage 
value Vthe in the voltage value setting portion 32 (Step S13) . 

Further, the voltage value calculating portion 31 
calculates the DC voltage value Vthe by calculating the present 
DC power value Pmes through the power calculating portion 
23, byreadingoutan approximate function from the approximate 
function memory 25, and by substituting the DC power value 
Pmes into the approximate function (Step S14). 

Next, the threshold judging portion 33 judges whether 
an absolute value |Vmes-Vthe| of a difference between the 
present DC voltage value Vmes as detected in Step S13 and 
the DC voltage value Vthe as calculated in Step S14 is within 
a DC voltage threshold value Vthr or not (Step S15). 

When it is judged in the threshold judging portion 33 
that the absolute value |Vmes-Vthe| of the difference between 
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the present DC voltage value Vmes and the DC voltage value 
Vthe is within the DC voltage threshold value Vthr, the 
follow-up control portion 34 judges that the present power 
point has reached proximate of the maximum power point, and 
starts maximum power follow-up operations by the 
hill-climbing method follow-up control portion 35 so as to 
start follow-up operations to the maximum power point by using 
the hill-climbing method from the approximate function (Step 
S16) . 

By using the hill-climbing method, the hill-climbing 
(method) follow-up control portion 35 proceeds to Step S13 
for observing whether the power point is operating proximate 
of the maximum power point by substituting the present DC 
power value Pmes to the approximate function while continuing 
follow-up operations to the maximum power point until the 
maximum power point is reached. 

When it is judged in Step S15 that the absolute value 
IVmes-Vthel of the difference between the present DC voltage 
value Vmes and the DC voltage value Vthe is not within the 
DC voltage threshold value Vthr, it is judged that the present 
power point has not reached proximate of the maximum power 
point, and the program proceeds to Step S12 for continuing 
maximum power follow-up operations on the basis of the 
approximate function until the proximity of the maximum power 
point is reached. 

Further, when is judged in Step S15 that the absolute 
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value | Vmes-Vthe | of the difference between the DC voltage 
value Vmes and the DC voltage value Vthe is not within the 
DC voltage threshold value Vthr after switching operations 
to the maximum power follow-up operations using the 
hill-climbing method, it is determined that the present power 
point has come off proximate of the maximum power point, and 
the program proceeds to Step S12 in order to start maximum 
power follow-up operations on the basis of approximate 
functions until the proximity of the maximum power point is 
reached . 

The follow-up operations of the first maximum power 
follow-up control process will now be concretely explained. 
Fig. 4 is an explanatory view of operations for simply showing 
an operation algorithm of the first maximum power follow-up 
control process. 

It is supposed that the approximate function of the power 
generator 2 is V=f (P) , and that operations are being performed 
at power point A (V0, P0) with the output level of the power 
generator 2 being in a condition of (i). 

Upon a dynamic change of the output level of the power 
generator 2 to a condition of (ii) , the power point will move 
to power point B (V0, PI) . At this time, the first maximum 
power follow-up control process will be started. 

By first substituting the DC power value PI of the present 
power point B to the approximate function V=f (P) , the voltage 
value calculating portion 31 will calculate the DC voltage 
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value VI. Upon setting the DC voltage value VI, the voltage 
value setting portion 32 will move to power point C (VI, P2) . 

By further substituting the DC power value P2 of the 
present power point C to the approximate function V=f(P), 
the voltage value calculating portion 31 will calculate the 
DC voltage value V2 . At this time, the threshold judging 
portion 33 judges whether the absolute value |V1-V2| of the 
difference between the present DC voltage value VI and the 
DC voltage value V2 as calculated through the approximate 
function is within the DC voltage threshold Vthr or not, and 
when it is judged that the absolute value |V1-V2| of the 
difference between the DC voltage values is not within the 
DC voltage threshold Vthr, it is determined that the present 
power point C has not reached the proximity of the maximum 
power point. In other words, maximum power follow-up 
operations using the approximate function will be continued 
until the present power point has reached proximate of the 
maximum power point. 

By setting the DC voltage value V2 as calculated in the 
voltage value calculating portion 31 in the voltage value 
setting portion 32, the power point will move to power point 
D (V2, P3) . 

By substituting the DC power value P3 of the present 
power point D to the approximate function V=f (P) , the voltage 
value calculating portion 31 will calculate the DC voltage 
value V3 . At this time, it is judged in the threshold judging 
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portion 33 whether the absolute value |V2-V3| of the difference 
between the present DC voltage value V2 and the DC voltage 
value V3 as calculated through the approximate function is 
within the DC voltage threshold value Vthr, and when it is 
judged that the absolute value |V2-V3| of the difference 
between the DC voltage values is within the DC voltage threshold, 
it is determined that the present power point D has reached 
proximate of the maximum power point. 

When it is determined that the present power point D 
has reached proximate of the maximum power point, the 
hill-climbing method follow-up control portion 35 starts 
maximum' power follow-up operations using the hill-climbing 
method, and the present power point will be made to follow 
up with the maximum power point N (Vn, Pn) by using this 
hi 11 -climbing method . 

According to the above first maximum power follow-up 
control process, the present power point is made to follow 
up with the maximum power point by using the hill-climbing 
method after making the present power point rapidly follow 
up with the proximity of the maximum power point by using 
an approximate function that corresponds to the output level 
of the power generator 2, the follow-up time for making the 
power point reach proximate of the maximum power point can 
be remarkably shortened so that follow-up to the maximum power 
point can be rapidly performed also when the power generator 
is a dynamic type power generator or the like in which changes 
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in maximum power points with respect to changes in dynamics 
are large, and it is accordingly possible to improve the power 
generation efficiency. 

While various methods may be considered as a method for 
creating the approximate function V=f (P) as stored in the 
approximate function memory 25, the following explanations 
are based on three exemplary methods. 

Fig. 5 is a flowchart illustrating process operations 
of the approximate function creating portion 24 related to 
a first approximate function creating process, and Fig. 6 
is an explanatory view of operations for simply showing an 
operation algorithm of the first approximate function 
creating process. 

The first approximate function creating process as 
illustrated in Fig. 5 is a process of detecting a plurality 
of maximum power points of the power generator 2 by using 
the hill-climbing method and of creating an approximate 
function on the basis of the plurality of maximum power points . 

In Fig. 5, the approximate function creating portion 
24 starts maximum power follow-up operations using the 
hill-climbing method through the hill-climbing method 
follow-up control portion 35 (Step S21), and starts an 
operation starting timer for timing a specified period of 
time T seconds (Step S22) . 

The approximate function creating portion 24 calculates 
a moving average value | A P | avr of an absolute value M P| 
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of a difference between respective DC power values when the 
DC voltage value is fluctuated by N-number of times (Step 
S23) . 

The approximate function creating portion 24 judges 

whether the moving average value M P| avr is within a threshold 
for storing a maximum power point Pthr or not (Step S24) . 

When it is judged that the moving average value \A P I avr 
is within the threshold for storing a maximum power point 
Pthr, the approximate function creating portion 24 determines 
that the present power point has reached proximate of the 
maximum power point considering the fact that when the moving 

average value M P|avr is small to some extent that 
fluctuations in DC voltage value will result small 
fluctuations in power, and this power point is stored as the 
maximum power point M (V, P) (Step S25) . In this respect, 
the maximum power point M is comprised of an average value 
of voltage values (VI, V2 , V3 . . . VN) /N in which the DC voltage 
values are fluctuated by N-number of times and an average 
value of power values (PI, P2, P3 ... PN)/N. 

When the maximum power point Mis stored, the approximate 
function creating portion 24 judges whether the operation 
starting timer that has been started in Step S22 has run out 
(Step S26) . 

When the operation starting timer has not run out, the 
approximate function creating portion 24 proceeds to Step 
S23 to further detect and store another maximum power point 
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When the operation starting timer has run out, the 
approximate function creating portion 24 creates an 
approximate function by calculating constants a, b of an 
approximate function V=f (P)=aP+b through the least square 
method on the basis of the maximum power points M (Ml to Mn) 
that are presently being stored as illustrated in Fig. 6 (Step 
S27) , and the created approximate function is stored in the 
approximate function memory 25 for terminating the process 
operations . 

According to the first approximate function creating 
process, maximum power follow-up operations of the 
hill-climbing method are performed until the operation 
starting timer has run out for detecting a plurality of maximum 
power points, and the approximate function is created on the 
basis of the plurality of maximum power points so that it 
is possible to obtain an approximate function of high accuracy. 

In this respect, when the time for the operation starting 
timer is set to be long, probabilities that changes in external 
environments such as the flow amount of water or the wind 
speed occur will become higher so that the amount of samples 
of maximum power points is increased which will result in 
a higher accuracy of the approximate function. 

However, according to the first approximate function 
creating process, where the changes in external environments 
take place rapidly and frequently, the external environments 
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will change prior the maximum power points are reached so 
that the number of samples of the maximum power points will 
be reduced. Accordingly, it may happen that the accuracy of 
the approximate function becomes worse. 

For coping with such a condition, a method of a second 
approximate function creating process may be considered. Fig. 
7 is a flowchart illustrating process operations of the 
approximate function creating portion 24 related to a second 
approximate function creating process, Fig. 8 is an 
explanatory view of operations for simply showing an operation 
algorithm of the second approximate function creating process, 
and Fig. 9 is a flowchart illustrating process operations 
of the approximate function creating portion 24 related to 
an average power point calculating process of the second 
approximate function creating process. 

The second approximate function creating process as 
illustrated in Fig. 7 is a process of separating the power 
of the power generator 2 into a plurality of level regions, 
obtaining a plurality of samples of power points for each 
of the level regions by using the hill-climbing method, and 
of setting an average value of each level region as average 
power points by averaging samples of power points of each 
level region, and of creating an approximate function on the 
basis of the plurality of average power points. 

In Fig. 7, the approximate function creating portion 
24 starts maximum power follow-up operations by the 
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hill-climbing method through the hill-climbing method 
follow-up control portion 35 (Step S31) and timing operations 
of a first operation starting timer and a second operation 
starting timer are started (Step S32) . In this respect, the 
first operation starting timer is a timer for timing a 
terminating time (T seconds) for detecting samples of power 
points in all level regions while the second operating starting 
timer is a timer for timing a terminating time (S seconds) 
for detecting samples of power points in each level region. 

The approximate function creating portion 24 judges 
whether the second operation starting timer has run out or 
not (Step S33) . When the second operation starting timer has 
run out, the approximate function creating portion 24 detects 
the present power point D (Vn, Pn) by the hill-climbing method 
and the present power point D is stored as a sample (Step 
S34) . 

As illustrated in Fig. 8, the approximate function 
creating portion 24 first executes the average power point 
calculating process (Step S35) of Fig. 9 for calculating an 
average power point corresponding to the level region on the 
basis of the power point that has been stored as a sample 
whereupon the timing operations of the second operation 
starting timer is cleared to be started again (Step S36). 

The approximate function creating portion 24 judges 
whether the first operation starting timer has run out or 
not (Step S37 ) . 
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When the first operation starting timer has run out, 
the approximate function creating portion 24 creates an 
approximate function by calculating constants a, b of an 
approximate function V=f(P)=aP+b through the least square 
method on the basis of the average power points E (A) to E(X) 
of the respective level regions (Step S38), and the created 
approximate function is stored in the approximate function 
memory 25 for terminating the process operations. 

When the first operation starting timer has not run out 
in Step 37, the approximate function creating portion 24 
proceeds to Step S33 for calculating further average power 
points . 

The average power point calculating process of Fig. 9 
is a process of averaging from a plurality of samples of power 
points for respective level regions as illustrated in Fig. 
8 and of calculating average power points for each level region. 

In Fig. 9, the approximate function creating portion 
24 detects a DC power value from the power point that has 
been stored as a sample and judges whether the power point 
is in level region A on the basis of the DC power value (Step 
S41) . 

When it is judged on the basis of the DC power value 
that the power point is in level region A, the approximate 
function creating portion 24 increments the number of samples 
n of the level region A by 1 (Step S42), performs averaging 
of the DC voltage values of the samples of level region A 
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for calculating a DC voltage average value V(A)avr__n of the 
level region A (Step S43) . 

In this respect, the approximate function creating 
portion 24 calculates the DC voltage average value V(A)avr_n 
of the level region A by using an equation (DC voltage average 
value of previous turn V(A) avr_(n-l) * (n-1) + sample DC voltage 
value of this turn Vn) /number of samples n. 

The approximate function creating portion 24 averages 
the DC voltage values of the samples of level region A for 
calculating the DC voltage average value P(A)avr_n of the 
level region A (Step S44). 

In this respect, the approximate function creating 
portion 24 calculates the DC voltage average value P(A)avr_n 
of the level region A by using an equation (DC voltage average 
value of previous turn P (A) avr_ (n-1) * (n-1) + sample DC voltage 
value of this turn Pn) /number of samples n. 

The approximate function creating portion 24 obtains 
the average power point of the level region A from the DC 
voltage average value V(A)avr_n of the level region A as 
calculated in Step S43 and the DC power average value P (A) avr_n 
of the level region A as calculated in Step S44, and by storing 
this average power point of the level region A (Step S45), 
the program proceeds to Step S36 of Fig. 7. 

When it is judged in Step S41 that the DC power value 
of the power point of the same is not in level region A, the 
approximate function creating portion 24 judges whether the 
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DC power voltage of the sample power point is in level region 
B (Step S46) . 

When it is judged that the DC power voltage of the sample 
power point is in level region B, the approximate function 
creating portion 24 increments the number of samples n of 
the level region B by 1 in the same manner as in Step S42 
(Step S47) . 

The approximate function creating portion 24 calculates 
a DC voltage average value of the level region B in the same 
manner as in Step S43 (Step S48) . 

The approximate function creating portion 24 calculates 
a DC power average value of the level region B in the same 
manner as in Step S44 (Step S49). 

The approximate function creating portion 24 obtains 
the average power point of the level region B from the DC 
voltage average value of the level region B as calculated 
in Step S48 and the DC power average value of the level region 
B as calculated in Step S49, and by storing this average power 
point of the level region B (Step S50) , the program proceeds 
to Step S36 of Fig. 7. 

In this manner, when it is judged in Step S46 that the 
DC power value of the sample power point is not in level region 
B, the approximate function creating portion 24 obtains 
average power points of respective level regions by performing 
similar process operations for the DC power values of the 
sample power points for each of the level region C, level 
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region D . . . level region X to respective calculate DC voltage 
average values and DC power average values for level regions 
corresponding to sample power points, and by storing the 
average power points for the level regions, the program 
proceeds to Step S36 of Fig. 7. 

According to the second approximate function creating 
process, the power of the power generator 2 is separated into 
a plurality of level regions, a plurality of power points 
of samples is obtained for each of the level regions by using 
the hill-climbing method, DC voltage average values and DC 
power average values of sample power points are calculated 
for each level region for setting the DC voltage average values 
and DC power average values as average power points whereupon 
these average power points of the respective level regions 
are stored for creating an approximate function on the basis 
of the power average points for each level region. With this 
arrangement, it is possible to create an approximate function 
of high accuracy also where changes in external environment 
take place rapidly and frequently when compared to the first 
approximate function creating process. 

A third approximate function creating process will now 
be explained. Fig. 10 is a flowchart illustrating process 
operations of the approximate function creating portion 24 
related to the third approximate function creating process, 
and Fig. 11 is an explanatory view of operations for simply 
showing an operation algorithm of the third approximate 
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function creating process. 

The approximate function creating process as 
illustrated in Fig. 10 is a process of detecting two maximum 
power points of the power generator 2 by using the hill-climbing 
method 2 and of creating an approximate function on the basis 
of the two maximum power points. 

In Fig. 10, the approximate function creating portion 
24 starts maximum power follow-up operations by using the 
hill-climbing method through the hill-climbing method 
follow-up control portion 35 (Step S61), and calculates a 

moving average value | A P | avr of an absolute value | A P | of 
a difference between respective DC power values when the DC 
voltage value is fluctuated by N-number of times (Step S62) . 
The approximate function creating portion 24 judges 

whether the moving average value | A P | avr is within a threshold 
for storing a maximum power point Pthr or not (Step S63) . 

When it is judged that the moving average value | A P | avr 
is within the threshold Pthr for storing a maximum power point , 
the approximate function creating portion 24 determines that 
the present power point has reached proximate of the maximum 
power point considering the fact that when the moving average 

value | A P | avr is small to some extent that fluctuations in 
DC voltage value will result small fluctuations in power, 
and this power point is stored as the first maximum power 
pointMl (Vavrl, Pavrl) (StepS64) . In this respect , themaximum 
power point Ml is comprised of an average value of voltage 
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values (VI, V2 , V3 . . . VN)/N in which the DC voltage values 
are fluctuated by N-number of times and an average value of 
power values (PI, P2, P3 ... PN)/N. 

The approximate function creating portion 24 calculates 
a moving average value \A P | avr of an absolute value M P| 
of a difference between respective DC power values when the 
DC voltage value is fluctuated by N-number of times (Step 
S65) . 

The approximate function creating portion 24 judges 

whether the moving average value | Zl P | avr is within a threshold 
for storing a maximum power point Pthr or not (Step S66) . 

When it is j udged that the moving average value | P | avr 
is within the threshold for storing a maximum power point 
Pthr, the approximate function creating portion 24 determines 
that the present power point has reached proximate of the 
maximum power point, and this power point is acquired as a 
maximum power point M (Vavr, Pavr) (Step S67) . 

The approximate function creating portion 24 judges 
whether an absolute value | Vavrl-Vavr | of a difference between 
the DC voltage value Vavrl of the maximum power point Ml that 
is being stored and the DC voltage value Vavr of the acquired 
maximum power point M is not less than a threshold for acquiring 
a maximumpower point Vthrx (StepS68) or not . In thi s respect , 
for eliminating errors in the approximate function to some 
extent, the threshold for acquiring a maximum power point 
Vthrx is a threshold for acquiring a second maximum power 
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point M2 that is as remote as possible from the first maximum 
power point Ml as illustrated in Fig. 11. 

When it is judged that the absolute value |Vavrl-Varv| 
of the difference between the DC voltage values is not less 
than the threshold for acquiring a maximum power point Vthrx 
(see maximum power point M2 in Fig. 11) , the maximum power 
point M acquired in Step S67 is set as the second maximum 
power point M2, and this maximum power point M2 (Vavr2, Pavr2) 
is stored (Step S69). 

The approximate function creating portion 24 creates 
an approximate function by calculating constants a, b of an 
approximate function V=f(P)=aP+b through the least square 
method on the basis of the maximum power points Ml, M2 that 
are presently being stored (Step S70), and the created 
approximate function is stored in the approximate function 
memory 25 for terminating the process operations. 

When it is judged that the moving average value | A P | avr 
is not within the threshold for storing a maximum power point 
Pthr in Step S63, theprocess proceeds to Step S62 for detecting 
a new maximum power point. 

When it is judged that the moving average value | A P | avr 
is not within the threshold for storing a maximum power point 
Pthr in Step S66, the process proceeds to Step S65 for detecting 
a new maximum power point. 

When it is judged in Step S68 that the absolute value 
I Vavrl-Vavr | of the difference between the DC voltage values 
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is less than the threshold for acquiring a maximum power point 
Vthrx ( see maximum power point M3 in Fig . 11), it is determined 
that the maximum power point M acquired in Step S67 and the 
first maximum power point Ml are not remote from each other 
so that the program proceeds to Step S65 for detecting a new 
maximum power point. 

According to the third approximate function creating 
process, maximum power follow-up operations by the 
hill-climbing method are executed, two maximum power points 
that are remote from each other by not less than a threshold 
for acquiring a maximum power point Vthrx are detected, and 
an approximate function is created on the basis of these maximum 
power points so that it is possible to rapidly create an 
approximate function even though the accuracy is somewhat 
degraded when compared to the first approximate function 
creating process and the second approximate function creating 
process . 

According to the first embodiment, the present power 
point is made to reach the maximum power point by the 
hill-climbing method after the present power point has been 
rapidly made to follow up with the proximity of the maximum 
power point by using an approximate function corresponding 
to an output level of the power generator 2 so that by remarkably 
shortening the follow-up time for making the power point reach 
proximate of the maximum power point, the follow-up to the 
maximum power point can be rapidly performed also when the 
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power generator 2 is a dynamic type power generator or the 
like in which changes in maximum power points with respect 
to changes in dynamics are large , andit is accordingly possible 
to improve the power generation efficiency. 

While the above first embodiment is arranged in that 
the hill-climbing method is used after executing follow-up 
operations to proximate of the maximum power point by using 
the approximate function for finally executing follow-up 
operations to the maximum power point, it is also possible 
to provide correction functions for correcting errors in the 
approximate function during execution of the follow-up 
operations to the maximum power point by using the 
hi 11 -climbing method, and such an embodiment will be explained 
as the second embodiment. 

( Second Embodiment ) 

Fig. 12 is a block view illustrating a schematic 
arrangement of an interior of a control portion 27 of a power 
conditioner 10 related to the second embodiment. In this 
respect, components that are identical to those of the 
dispersive power generation system 1 representing the first 
embodiment are marked with the same reference numerals to 
thereby omit explanations of the overlapping arrangements 
and operations. 

The control portion 27 as illustrated in Fig. 12 includes 
a voltage value calculating portion 31, a voltage value setting 
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portion 32, a threshold judging portion 33, a follow-up control 
portion 34 and a hill-climbing method follow-up control 
portion 35, and it further includes an approximate function 
correcting portion 36 for correcting errors of the approximate 
function that is being stored in the approximate function 
memory 25 by using the hill-climbing method of the 
hill-climbing method follow-up control portion 35. 

In this respect, the first approximate function 
correcting part, the second approximate function correcting 
part and the third approximate function correcting part as 
recited in the claims correspond to the approximate function 
correcting portion 36. 

Operations of the dispersive power generation system 
1 representing the second embodiment will now be explained. 
Fig. 13 is a flowchart illustrating process operations of 
the maximum power follow-up control portion 12 related to 
a second maximum power follow-up control process according 
to the second embodiment. 

The second maximum power follow-up control process as 
illustrated in Fig. 13 is a process of making the present 
power point follow up with the maximum power point by using 
the hill-climbing method after making the present power pint 
rapidly follow up with proximate of the maximum power point 
by using an approximate function and of correcting errors 
of the approximate function while executing follow-up 
operations of the hill-climbing method. 
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In Fig. 13, the follow-up control portion 34 within the 
control portion 27 of the maximum power follow-up control 
portion 12 starts follow-up operations to the maximum power 
point by using an approximate function. 

The voltage value calculating portion 31 calculates the 
DC voltage value Vthe by calculating the present DC power 
value Pmes through the power calculating portion 23, by reading 
out an approximate function from the approximate function 
memory 25, and by substituting the DC power value Pmes into 
the approximate function (Step S81). 

The voltage value setting portion 32 sets the DC voltage 
value Vthe as calculated in the voltage value calculating 
portion 31 as an operating voltage of the power converter 
11 (Step S82) . 

Moreover, the voltage measuring portion 21 detects the 
present DC voltage value Vmes upon setting the DC voltage 
value Vthe in the voltage value setting portion 32 (Step S83) . 

Further, the voltage value calculating portion 31 
calculates the DC voltage value Vthe by calculating the present 
DC power value Pmes through the power calculating portion 
23, byreadingoutan approximate function from the approximate 
function memory 25, and by substituting the DC power value 
Pmes into the approximate function (Step S84). 

Next, the threshold judging portion 33 judges whether 
an absolute value |Vmes-Vthe| of a difference between the 
present DC voltage value Vmes as detected in Step S33 and 

46 



Attorney Docket No. 044499-0207 



the DC voltage value Vthe as calculated in Step S34 is within 
a DC voltage threshold value Vthr or not (Step S85) . 

When it is judged in the threshold judging portion 33 
that the absolute value | Vmes-Vthe | of the difference between 
the present DC voltage value Vmes and the DC voltage value 
Vthe is within the DC voltage threshold value Vthr, the 
follow-up control portion 34 judges that the present power 
point has reached proximate of the maximum power point, and 
starts maximum power follow-up operations by the 
hill-climbing method follow-up control portion 35 so as to 
start follow-up operations to the maximum power point by using 
the hill-climbing method from those using the approximate 
function (Step S86) . In this respect, when it is determined 
that the power point A of Fig. 14 is proximate of the maximum 
power point, movement of the power point towards the maximum 
power point N by using the hill-climbing method is started 
such that it moves from, for instance, power point A -* power 
point B -» power point C. . . . 

The approximate function correcting portion 36 
recalculates an intercept of the approximate function from 
the present power point (Step S87) . In this respect, in the 
recalculation of the intercept of the approximate function, 
only a constant of the intercept of the approximate function 
is calculated on the basis of the present power point so that 
only the intercept is changed while the slope of the approximate 
function is not changed. Accordingly, the approximate 
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function is updated as illustrated in Fig. 14 from (a) -> (b) 
- (c) - (n) . 

The approximate function correcting portion 36 

calculates a moving average value |Zl P|avrof an absolute value 
\A P| of a difference between respective DC power values when 
the DC voltage value is fluctuated by N-number of times (Step 
S89) . 

The approximate function correcting portion 36 judges 

whether the moving average value | A P | avr is within a threshold 
for storing a maximum power point Pthr or not (Step S90) . 

When it is j udged that the moving average value \ A P | avr 
is within the threshold for storing a maximum power point 
Pthr, the approximate function correcting portion 36 
determines that the present power point has reached proximate 
of the maximum power point considering the fact that when 

the moving average value | A P | avr is small to some extent that 
fluctuations in DC voltage value will result small 
fluctuations in power, and this power point is stored as the 
maximum power point M (Vavr, Pavr) and a newest maximum power 
sample point flag is turned ON (Step S91) to thereby proceed 
to Step S83. In this respect, the maximum power point M is 
comprised of an average value of voltage values (VI, V2 , V3 . . . 
VN) /N in which the DC voltage values are fluctuated by N-number 
of times and an average value of power values (PI, P2, P3 . . . 
PN)/N. The newest maximum power sample point flag is a flag 
for indicating whether the maximum power point in question 
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has already been stored as a sample in the hill-climbing method 
or not . 

When it is judged in Step S85 that the absolute value 
|Vmes-Vthe| of the difference between the DC voltage value 
Vmes and the DC voltage value Vthe is not within a DC voltage 
threshold value Vthr, the approximate function correcting 
portion 36 determines that the present power point has not 
reached proximate of the maximum power point, and it is judged 
whether the newest maximum power sample point flag is turned 
ON or not (Step S92) . In this respect, when the present power 
point has come off proximate of the maximum power point owing 
to changes in external environments or the like even follow-up 
operations by the hill-climbing method have been once 
performed after follow-up operations by the approximate 
function, the follow-up operations are switched to those using 
the approximate function. 

When it is judged that the newest maximum power sample 
point flag is turned ON, the approximate function correcting 
portion 36 determines that the newest maximum power point 
has been stored, and the oldest sample of the maximum power 
point is deleted from among the past maximum power points 
on the basis of which an approximate function has been created, 
and by adding the newest maximum power point as a sample, 
an approximate function is created on the basis of those sample 
points of maximum power points, and this approximate function 
is stored and updated in the approximate function memory 25 
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(Step S93) . 

In other words , since the approximate function is created 
on the basis of sample points including the newest maximum 
power point, itispossibletocorrecterrorsinthe approximate 
function . 

The approximate function correcting portion 36 then 
turns the newest maximum power sample point flag OFF (Step 
S94), and the program proceeds to Step S82 for executing 
follow-up operations to proximate of the maximum power point 
by using the approximate function. 

When it is judged in Step S90 that the moving average 

value | A P | avr is not within the threshold for storing the 
maximumpower point Pthr, the approximate function correcting 
portion 36 determines that the present power point has not 
reached proximate of the maximum power point yet, and the 
program proceeds to Step S83. 

According to the second embodiment, after making the 
power point reach proximate of the maximum power point by 
using an approximate function, it is made to reach the maximum 
power point by using the hill-climbing method, wherein the 
power point is detected by using the hill-climbing method 
and errors in an intercept of the approximate function are 
corrected on the basis of the power point so that it is possible 
to correct errors in the approximate function. 

According to the second embodiment, after reaching the 
maximum power point by using the hill-climbing method, the 
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maximum power point is stored as a sample, and in the presence 
of changes in external environments or similar, an approximate 
function is created on the basis of sample points including 
the newest maximum power point as a sample sothat it is possible 
to provide a newest approximate function of free of errors 
corresponding to those changes in external environments or 
similar . 

In this respect, while the above embodiments are arranged 
in that when creating an approximate function in the 
approximate function creating portion 24 , such an approximate 
function is calculated by the least square method on the basis 
of a plurality of maximum power points (average power points) , 
it goes without saying that it is possible to employ a method 
other than the least square method. 

According to the maximum power follow-up control 
apparatus of the present invention of the above-described 
arrangement, an approximate function related to a maximum 
power point corresponding to an output level of a power 
generator of characteristics of the output power and the 
operating voltage is stored, an operating voltage value 
corresponding to the present output power is calculated on 
the basis of the approximate function for making the power 
point related to the present output power follow up with the 
maximum power point, and the operating voltage value is set 
as an operating voltage value for a power converter. With 
this arrangement of using an approximate function, the 
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follow-up time for making the power point reach proximate 
of the -maximum power point can, for instance, be remarkably 
shortened so that follow-up to the maximum power point can 
be rapidly performed also when the power generator is a dynamic 
type power generator or the like in which changes in maximum 
power points with respect to changes in dynamics are large, 
and it is accordingly possible to improve the power generation 
efficiency . 

According to the maximum power follow-up control 
apparatus of the present invention, when an operating voltage 
value is set in the voltage value setting part, an operating 
voltage value corresponding to the present output power of 
the power generator is calculated on the basis of the 
approximate function, and it is judged whether an absolute 
value of a difference between the calculated operating voltage 
value and the present operating voltage value is within a 
specified threshold or not, wherein when it is judged that 
the absolute value of the difference between the operating 
voltage values is within the specified threshold, it is 
recognized that the power point related to the output power 
that corresponds to the output level of the power generator 
has reached proximate of the maximum power point. With this 
arrangement of using an approximate function, the follow-up 
time for making the power point reach proximate of the maximum 
power point can be remarkably shortened so that follow-up 
to the maximum power point can be rapidly performed also when 
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the power generator is a dynamic type power generator or the 
like in which changes in maximum power points with respect 
to changes in dynamics are large, and it is accordingly possible 
to improve the power generation efficiency. 

According to the maximum power follow-up control 
apparatus of the present invention, the operating voltage 
value of the power converter is set to make the power point 
related to the output power of the power generator reach the 
maximum power point by utilizing a hill-climbing method for 
maximum power follow-up control when it has been recognized 
that the power point related to the output power that 
corresponds to the output level of the power generator has 
reached proximate of the maximum power point. With this 
arrangement, it is possible to improve the follow-up accuracy 
to the maximum power point by using the hill-climbing method 
for the follow-up operations from proximate of the maximum 
power point to the maximum power point. 

According to the maximum power follow-up control 
apparatus of the present invention, when it is judged that 
the absolute value of the difference between the operating 
voltage values is not within the specified threshold, 
operations of the voltage value calculating part, the voltage 
value setting part and the judging part are continued until 
the absolute value of the difference between the operating 
voltage values falls within the specified threshold. With 
this arrangement, it is possible to rapidly follow up to 
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proximate of the maximum power point. 

According to the maximum power follow-up control 
apparatus of the present invention, a maximum power point 
is detected for each output level of the power generator and 
in that the approximate function is created on the basis of 
at least two maximum power points. With this arrangement, 
it is possible to easily create an approximate function and 
to further create an approximate function of high accuracy 
by increasing the number of samples of maximum power points. 

According to the maximum power follow-up control 
apparatus of the present invention, the maximum power points 
for creating an approximate function are detected through 
the hill-climbing method, it is possible to create an 
approximate function of high accuracy. 

According to the maximum power follow-up control 
apparatus of the present invention, abnormality of the power 
generator is noticed when it is judged that the approximate 
function created in the first approximate function creating 
part is abnormal, for instance, when the slope of the 
approximate function is reversed. With this arrangement, it 
is possible to notice the user of an abnormality of the power 
generator or of the approximate function. 

According to the maximum power follow-up control 
apparatus of the present invention, the output power is divided 
into a plurality of level regions and average values of the 
plurality of power points separated into respective level 
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regions are set as maximum power points, and in that the 
approximate function is created on the basis of the maximum 
power points for each of the level regions. With this 
arrangement, a plurality of power points, that is, a large 
number of samples , can be obtained and by averaging this number 
of samples, it is possible to create an approximate function 
of high accuracy corresponding to changes in external 
environments . 

According to the maximum power follow-up control 
apparatus of the present invention, the maximum power point 
for creating an approximate function is detected by utilizing 
the hill-climbing method so that it is possible to create 
an approximate function of high accuracy. 

According to the maximum power follow-up control 
apparatus of the present invention, abnormality of the power 
generator is noticed when it is judged that the that the 
approximate function as created in the second approximate 
function creating part is abnormal, for instance, when the 
slope of the approximate function is abnormal. With this 
arrangement , itispossibletonoticetheuserofan abnormality 
of the power generator or of the approximate function. 

According to the maximum power follow-up control 
apparatus of the present invention, approximate functions 
corresponding to types of the power generator are 
preliminarily stored so that it is possible to correspond 
to various power generators. 
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According to the maximum power follow-up control 
apparatus of the present invention, a maximum power point 
is detected by using the hill-climbing method and in that 
the approximate functions as stored to correspond to each 
type of the power generator are corrected on the basis of 
the detected maximum power point. With this arrangement, it 
is possible to create an approximate function of high accuracy 
corresponding to various changes in dynamics of the power 
generator and changes in illumination. 

According to the maximum power follow-up control 
apparatus of the present invention, the maximum power point 
is detected by using the hill-climbing method when it has 
been recognized that the power point has reached proximate 
of the maximum power point and the approximate functions as 
being stored in the approximate function storing part are 
corrected on the basis of the detected maximum power point. 
With this arrangement, it is possible to continuously secure 
an approximate function of high accuracy corresponding to 
various changes in dynamics of the power generator and changes 
in illumination. 

According to the maximum power follow-up control 
apparatus of the present invention, a follow-up operation 
to the maximum power point is executed by using the 
hill-climbing method when it has been recognized that the 
power point has reached proximate of the maximum power point, 
and only an intercept of the approximate function is corrected 
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without changing its slope on the basis of the power point 
as detected by the follow-up operation. With this arrangement , 
it is possible to finely adjust errors in the approximate 
function . 
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